Background: Rural populations as well as less educated people in the United States are less likely to receive colorectal cancer (CRC) screening than people living in urban areas and more educated people. Methods: We tested a computer tablet, Patient/Provider Communication Assistant (PPCA), which collected data, educated patients, and printed personalized notes to patients and providers encouraging conversation about CRC screening. Mixed model analyses using a prepost quasi-experimental design compared patient results during the comparison and intervention periods in 5 rural primary care practices on provider discussion about CRC screening, provider recommendation, and patient intention to be screened. Models including age, education, and literacy measures as covariates were examined. Results: Providers talked with patients about CRC screening in general, and colonoscopy specifically more frequently after the PPCA than with the comparison group (P values ϭ 0.04 and 0.01, respectively). Providers recommended CRC screening more often to patients in the intervention group than to the comparison group (P ϭ 0.02). Patients planned to be screened, specifically with colonoscopy, more frequently after the intervention than in the comparison group (P ϭ 0.003). There were no interactions between group and any of the covariates. Ninety-five percent of the patients, regardless of age or education, found the PPCA easy to use. Conclusions: Results indicated increased provider discussion and recommendation, and patients' intentions to obtain CRC screening, and in particular colonoscopy, for patients exposed to the intervention, regardless of the patients' age or literacy levels. The PPCA is a promising intervention method that is acceptable to rural patients.
A lthough colorectal cancer (CRC) screening can save lives through prevention and early detection many people do not participate in regular screening as recommended by national guidelines. 1, 2 Rural as well as less educated people in the United States are less likely to be screened than urban and more educated people. [3] [4] [5] [6] A survey of rural patients suggested that the primary barrier to CRC screening was inadequate discussion of CRC between patient and physician. 7 Similar to other cancer screening behaviors, multiple studies have shown that a provider recommendation is a strong predictor of CRC screening participation. 3, 4, 8, 9 The odds of participating in any method of CRC screening for all age groups increased by at least a factor of 8 with a clinician's recommendation. 9 The complexity of the CRC screening guidelines compared with other cancers may be a deterrent to more active recommendation of these tests by providers; however, 10, 11 it also has been shown that individual providers' intentions, perceptions, and understanding vary greatly with regard to CRC screening. 10 -14 Discussion about CRC screening most frequently occurs at preventive care visits. 3, 4, 15, 16 However, a study reported that only one-third of all patients had undergone a routine physical examination within the past 2 years. 14 In general, providers frequently do not have sufficient time to cover all preventive recommendations 6, 13 or adequate systems in place to identify patients in need of CRC screening. 14 Patients' expectations and anxiety also may influence whether or not they are recommended for a screening test. 17, 18 Results of a large national study found that the majority of unscreened respondents were neither aware of the need nor counseled about CRC screening. 5 Because both patient and provider characteristics and behavior influence CRC screening participation our challenge was to develop an intervention that educated patients, identified when they were not up to date with CRC screening, learned their plans (or intentions) to be screened, and stimulated a discussion and recommendation at a medical visit. 19 Tailored computer-based interactive interventions have been used to inform, influence, and motivate individuals about health behaviors 20 -22 including help with making recommendations. 23, 24 We developed and pilot tested a computer-based intervention, the Patient/Provider Communication Assistant (PPCA), to facilitate discussion and provider recommendations for CRC screening. We hypothesized that patients
METHODS
We used a pre-post quasi-experimental design applied to primary care practices. Five practices in rural communities were recruited into this pilot study. In each practice, a comparison group of all patients ages 50 -80 during 1 week were invited by their primary care provider to participate in a 5-minute exit interview concerning discussion and recommendations from providers, and patient intentions regarding colorectal screening. The comparison group served as the control for patients in the same practice who received the intervention. In the same 5 practices a similar group of patients were recruited in an equivalent way about 1 month later to participate in the PPCA intervention immediately before their visit (intervention group). Patients answered questions on the PPCA about their history of CRC screening, intentions to screen in the future, and risk factor information. A written summary of the responses to these 3 categories of questions and a recommendation to speak with the health care provider about CRC screening was provided to the patient and the provider before the visit; the provider then sent these patients to the research assistant to be interviewed after their visit similar to the comparison group exit interview. This study was approved by the Institutional Review Board at the University of Vermont and all participants provided written informed consent.
Intervention Development
We used the Transtheoretical Model to characterize people's readiness to adopt or maintain CRC screening behavior. 25 Once we identify the stage of change of the individual patient we prepared an educational message specifically aimed at their readiness to adopt or maintain the CRC screening behavior ( Table 1 ). The PRECEDE Model 26 was the conceptual framework to conduct the formative and process evaluation to learn about the predisposing, enabling and reinforcing factors from the 2 participant groups in this study: Patients and PCP (providers and their office practices). We developed the intervention to address the barriers while using the facilitators we identified in the formative evaluation as the foundation of this intervention.
We worked with representatives from the intended patient audience to conduct 3 levels of formative research to develop the intervention. 27 In 2005, we held 6 focus groups with 18 people aged 50 -80 with low education to learn about their specific barriers and facilitators to participating in regular CRC screening. We then developed sample computer screens following guidelines for developing health education and computer programs for low literacy 28 and elderly populations. 29 An expert on teaching low literate persons reviewed the intervention to assure appropriate reading level and concept development. After the screens were developed, we tested them with 2 gender-specific focus groups and with volunteers at a local senior center and Adult Basic Education Center to assess visual appeal, wording, and comprehension. Finally, 10 volunteers of mixed educational levels and computer experience tested the computer program for ease of use.
The program provided informed consent information followed by 1 question at a time in large print about CRC screening history, intentions, risk factors, and demographics. As words appeared on a screen they were also read aloud via an audio component. Examples of the screens can be viewed in Figure 1 . The program presented information about CRC, including risk factors, and a description of 3 screening tests (fecal occult blood test, sigmoidoscopy, and colonoscopy) including how the test is done and the advantages and disadvantages of each screening method. 30 The educational screens included pictures of each test and pictures in the final screens appropriate to the recommendation. The computer selected 1 appropriate video clip, depending on age and gender of the patient, of a personal testimonial about participating in CRC screening. The final screens were personalized recommendations based on the responses to the prior questions. At the end of the PPCA the computer automatically printed a personalized recommendation for the patient and a provider recommendation for the patient's chart. A sample of the printout for a woman with no risk factors who has never been but intends to be screened included the following wording in a letter format:
It is great news that you are planning to get a test for colon cancer. As you get older your chance of getting colon cancer increases. A screening test can find small growths (polyps) before they develop into cancer. Intervention participants completed the PPCA in 10 -14 minutes in a private setting with a research assistant available to provide instruction if necessary.
We also met with each participating primary care practice's office and medical staff to introduce the program and identified the barriers and facilitators within the practice to participating in this study. We designed how, when and where we worked with patients based on what the practices were able and willing to do.
Recruitment of Practices and Patients
All 38 primary care physicians (7 OBGYNs), representing 20 practices (8 solo practices) in 2 rural counties, were mailed a letter from the principal investigator and medical director of the Area Health Education Center explaining the study and inviting their practice to participate. A respected Vermont colon surgeon and the principal investigator also conducted primary care grand rounds at the hospitals in these counties. Twelve practices initially were recruited but 7 withdrew for various reasons (staff illness, physician sent to Iraq, PCP who performed colonoscopies as a major part of practice, starting electronic medical records). The 3 solo practices withdrew because there was insufficient space to conduct the study. All 5 participating practices were large family practices including 2 community health centers with a total of 12 physicians. In addition, there were 3 nurse practitioners and 3 physician's assistants who delivered primary care to these patients. In rural practices patients are often seen by mid level practitioners and regard them as their provider.
All patients between ages 50 and 80 were eligible to be in the study regardless of the type of medical visit scheduled. For both study conditions, eligible patients were initially recruited by a receptionist's invitation to talk to a research assistant. For the comparison group, after the provider's visit interested patients were directed to a research assistant who completed the informed consent process and exit interview. For intervention group participants, eligible patients were immediately sent to talk with the research assistant. Intervention participants engaged in the tablet-based educational program before their visit and signed the informed consent and answered a few visit related questions after the provider visit. We invited all patients between the ages of 50 -80, regardless of their CRC screening status, to participate in the intervention. The Transtheoretical Model encourages reinforcement of appropriate behavior (action) and therefore we decided to congratulate those up to date on CRC screening. The questions asked on the PPCA determined whether the patient was currently screened.
Measurement
The exit interview for the comparison group included questions measuring demographics, risk factors, CRC screening history, interactions with the provider, and plans to be screened. Intervention participant exit interviews included questions about interactions with provider, plans to be screened and evaluation of the computer program. We simplified questions from the National Health Interview Survey (NHIS) 31 and the Behavioral Risk Factor Surveillance System (BRFSS) 32 and tested these questions using focus groups. Words and terms were defined in simple language before using in a question. For example, we never used the term "colorectal" but instead said "colon cancer" and defined it to include both colon and rectal cancer. A sample of the outcome measures assessing the provider's interaction with the patients asked, "Did your doctor talk with you about a stool test for blood today?" and "(If yes) Did your doctor today recommend the test or give you a kit?" A sample outcome measure of the patient's intention to obtain CRC screening was, "Do you plan to do the stool test for blood?" Literacy was measured by 3 questions from 2 validated studies. The first question, "How often do you need to have someone help you when you read instructions, pamphlets, or other written material from your doctor or pharmacy?" was used in another Vermont study, 33 whereas the last 2 questions, "How often do you read books?" and "When you are asked questions about your health what do you prefer?" (Like to read them yourself; like the questions read to you), combined with level of education, is a literacy measure developed by Lobach et al. 34, 35 We developed and tested questions to measure the use and perceptions of the PPCA.
Statistical Analyses
The comparison and intervention groups were compared with respect to demographics, risk factors and their CRC screening history, and then on the outcomes of interest: (1) whether or not the doctor talked about CRC screening; (2) whether or not the doctor recommended CRC screening; and (3) patient intentions to receive CRC screening. Because of the nested nature of the data (participants nested within each practice) a mixed model analysis of variance approach was used running the GLIMMIX procedure in SAS for Windows version 9.1 (SAS Institute; Cary, NC) with the binary distribution for dichotomous outcome measures and the multinomial distribution for outcome measures with greater than 2 levels. The model included the 2 groups (comparison, intervention) as a fixed main effect, primary care practice as a random main effect and group by primary care practice as a random interaction effect. Subsequent models included the addition of participant level covariates (age, education, and literacy) and their interactions with group (comparison, intervention) to determine if they modified the effect of group on the outcome measures. Subjects missing any of the variables included in a particular model were excluded from the analysis.
RESULTS
We recruited 177 patients into the comparison group and 142 into the intervention group. The participation rate for all but 2 practices is unknown because practices were required to invite the patients into the study and 3 were not able to share patient schedules due to HIPAA concerns. In the 2 practices that provided data, participation rates were 74% (63/85) and 69% (55/80) for the comparison and intervention groups respectively (P ϭ 0.27). Of the intervention patients who were referred to the research assistant, 4 decided not to participate after they read the informed consent information, and 1 ran out of time. The comparison and intervention populations were similar in demographics, risk factors and their CRC screening history. The only significant difference between the 2 groups was that the comparison group was more likely to want health questions read to them ( Table 2) .
The proportions of patients reporting that their doctor talked with them about CRC screening and specifically about colonoscopy were significantly greater in the intervention than in the comparison group (P ϭ 0.04, 0.04, respectively). The same effect was seen in the doctor's recommendation to the patient to be screened (P ϭ 0.02) and a recommendation for colonoscopy (P ϭ 0.01). For patients who reported not being up to date on CRC screening, those exposed to the intervention were significantly more likely to plan on getting screened than those in the comparison group (P ϭ 0.01). When including all patients whether current on screening or not, we found that significantly more patients exposed to the intervention were planning to participate in CRC screening (P ϭ 0.003), particularly with colonoscopy (P ϭ 0.003) ( Table 3 ).
There were no significant interactions between group and any of the covariates. The inclusion of just the main effect of the covariates did not detect any association between the covariate and the outcomes, and did not modify the association between group and the outcomes.
Patients who used the PPCA were asked 4 questions to evaluate using the intervention. Responses are shown in Table 4 stratified by age and educational attainment. Virtually everyone found the program easy to use. Older participants and less educated participants found the sound (reading the information and questions on each screen) helpful compared with the younger and the more educated participants. A slightly higher percentage of the older and the less educated 
DISCUSSION
This study provided preliminary evidence that the PPCA designed to educate patients about their personal need for CRC screening and to alert their providers about CRC screening status promoted patient-provider discussion, provider recommendations, and positive patient intentions to obtain screening. The intervention was designed to provide simple personalized information about need for screening in a form that was readily accessible to patients. Rather than tailoring the intervention to literacy levels we used language, concepts and visuals suitable to people with varying degrees of education and health literacy. Process data showed that the PPCA was highly acceptable to all patients, including those who were older and had less education. Similar to several other studies, the intervention seems to have facilitated a clinical situation where prepared patients and providers were more likely to engage in productive discussions of a challenging topic. 36 -38 Strengths of this pilot study included recruitment of intervention and comparison groups from 5 representative rural group practices. The outcome variables for the study provided evidence that the intervention stimulated higher levels of effective interaction between patient and provider, as intended, with significant effects on provider recommendations and patient intentions, 2 strong predictors of screen- 
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ing behavior. Consistent results favoring the intervention group across 5 practices provided confidence in the generalizability of results to the rural northern communities in which the intervention was tested. The PPCA achieved its goals of engaging rural patients from a wide range of ages and educational backgrounds and providing them with personalized educational messages about CRC screening. The program was carefully developed to meet the needs of patients with lower as well as higher levels of knowledge and skills. The amount of information presented on any screen, the formats for presenting the information, and the branching pathway for question and information personalization were all carefully designed to be usable and appealing to most adults. It is possible also that success in appealing to patients with lower levels of education or low literacy was achieved by the delivery of messages through sound as well as text; process evaluation suggested that this was an appealing feature for older patients and those with less education. Nearly all participants, regardless of age or education, found the tablet program to be "very easy" to use. The efficient flexibility of the PPCA in collecting personal information and delivering these message qualities was a significant advantage, and builds upon other research with tablet computers that successfully collected patient history and risk factor information to stimulate screening behavior. 21, 39 The provider component of the intervention also seemed to work well. This component consisted of a simple notice placed in the patient's chart before their medical visit indicating self-reported CRC screening status, intentions to be screened, and risk factors. Discussion of colonoscopy screening was reported for approximately twice as many intervention as comparison patients. Brief interviews with staff and providers at the end of the study found that this intervention was not intrusive and most providers found it useful.
The increase in likelihood of provider recommendation to obtain CRC screening and particularly a colonoscopy as a result of the intervention is notable because this factor has been found to be one of the major influences on patients' decision to be tested. 3, 4, 8 Although this assessment is based solely on posttest reports, the results are consistent with the conceptual framework that focused on facilitating discussion between patient and provider about the advantages and disadvantages of this sometimes difficult decision as a step toward formation of positive intentions. 25, 26 Some barriers to wider use of this type of intervention in rural primary care practices were encountered. Solo practices were not able to complete the study because there was insufficient space for a research assistant; lack of flexibility in solo practices could be an obstacle to introduction of even simple technology innovations. A related issue was encountered when practices required patients to use the PPCA in a private area rather than in the waiting room. The practices in general did not want to manage patient questions about how to operate the tablet program. These types of issues represent challenges to intervention developers to design simple, selfexplanatory programs that also provide convincing patient privacy protection. 
Limitations
The design for this pilot study had some features that limit confidence in the results. Although the study included a comparison group, patients were not randomly allocated to conditions, and the comparison group was systematically recruited at a slightly earlier time. The outcomes were important predictors of obtaining screening, but did not assess actual screening behaviors. The project did not have sufficient resources to conduct a complete chart review of all participants to see if screening actually occurred. Intentions to screen and actually being screened may be different. The practices were targeted for recruitment because they were representative of primary care services in a rural area but were not randomly chosen. The practices that volunteered may be different from other rural practices and may be better at influencing patient screening intentions. It should also be noted that the levels of patient reported CRC screening in these practices was relatively high. Previous studies of the accuracy of self-reported CRC screening are mixed but increase with age. 40, 41 The study provided useful information about intervention effects within this demographic segment, but no information was obtained for impact on other racial/ ethnic groups or nonrural patients.
Implications
Results of this study provide insights on methods for increasing participation in CRC screening among difficult to reach populations. The design of this intervention was intended to facilitate discussions about screening between patients with low levels of education or health literacy and their providers; the outcomes suggest that this goal was achieved with a positive effect on patient screening intentions. Higher levels of patient readiness to receive and act on a provider screening recommendation may increase the chances that a provider will invest the time needed to present a rationale and make a recommendation, and increase the chances that the recommendation will be followed. The general strategy of focused preparation of patients immediately before a medical visit could be extended to other cancer prevention and control problems. A further finding of interest is that the intensive efforts to shape the messages built into the PPCA for the needs of lower education and health literacy patients seemed to have a favorable effect for other patients; simple wellpresented messages about important health issues may generally be beneficial for all patients. 42 The trend of using computer tablets in health care settings as a data-gathering tool is likely to continue because of the expected efficiencies when this approach is linked with electronic health records. 43 This pilot study had limited resources to take advantage of all the potential tailoring that was possible from the data collected. One of the notable benefits of using a computer tablet is that it is able to tailor messages to the individual by characteristics such as race and ethnicity, educational skill level, age, risk of a disease and by interest in obtaining and using health information. 20, 44 This flexibility of data collection and presentation of personalized health information also will allow for selection of multiple languages and cultural customization for patients from diverse populations in the same setting. The next step is to test this intervention in a randomized controlled trial with a more diverse population. The next trial would continue the formative research with new populations of intended audiences and take advantage of the PPCA's ability to tailor the messages and the presentation to the individual.
CONCLUSIONS
A brief patient intervention before medical visits seemed to increase discussion of CRC screening needs at the visit, increase provider recommendations to obtain screening, and increase patients' intentions to obtain a screening test. Although the study design precluded clear cut conclusions, the consistency of the outcome and process results across multiple test sites provided encouragement for further exploration of this approach to increasing cancer screening participation.
